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Abstract 
The properties of ellipsoidal nanowires are yet to be examined. They have likely applications in sensing, solar 
cells, microelectronics and cloaking devices. Little is known of the qualities that ellipse nanowires exhibit as we 
vary the aspect ratio with different dielectric materials and how varying these attributes affects plasmon 
coupling and propagation. It is known that the distance a plasmon can travel is further if it is supported by a 
thicker circular nanowire, while thinner nanowires are expected to be able to increase QD coupling.  
Ellipsoidal nanowires may be a good compromise due to their ability to have both thin and thick dimensions. 
Furthermore it has been shown that the plasmon resonances along the main axis of an ellipsoidal particle is 
governed by the relative aspect ratio of the ellipsoid, which may lead to further control of the plasmon. 
Research was done by the use of COMSOL Multiphysics by looking at the fundamental plasmon mode 
supported by an ellipsoidal nanowire and then studying this mode for various geometrical parameters, 
materials and illumination wavelength. Accordingly it was found that ellipsoidal nanowires exhibit a minimum 
for the wavenumber and a maximum for the propagation distance at roughly the same dimensions - 
Highlighting that there is an aspect ratio for which there is poor coupling but low loss. Here we investigate 
these and related attributes. 
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1. Introduction 
Ellipsoidal nanowires have promising applications in many micro electrical devices [1]. In this paper, we look at 
ellipsoidal wires due to their unique and little known properties, particularly in relation to the types of 
plasmons they support [2]. Examining these plasmons will lead to a better understanding of nanowire 
dynamics and could reduce the time frame for developing more effective nanowire QD (Quantum Dot) 
coupling, by increasing the efficiency of quantum dot emission into plasmons. 
Ellipsoidal nanowires exhibit unique and useful properties due to their ellipsoidal cross-section (Figure 1); 
some wire chains (clumps of nanowires) with ellipse cross-sections have shown increased transmission length 
when the wire is excited, compared with circular nanowire chains [3]. Preliminary theoretical investigations 
have shown that ellipsoidal nanowires have advantages over conventional wires [4]. In particular there has 
been promising research to suggest that changing the aspect ratio of the waveguide from circular to ellipsoidal 
can result in significant improvements to the quantum dot – plasmon coupling. This is mentioned in Vernon et 
al. [4] where numerical results show variances in the spontaneous emission rate of a QD into a plasmon mode 
by changing the aspect ratio of stripe and wire waveguides.  
 
 
 
 
  
 
 
Figure 1: Ellipse waveguide with coordinates 
2. Discussion and Results 
We know from the research of Akimov and associates that the distance a plasmon can travel is further if it is 
supported by a thicker nanowire as opposed to a thinner nanowire, and that thinner wires are expected to be 
able to increase QD coupling in comparison to thicker nanowires [5]. To have a wire that has long plasmon 
propagation length and maintains strong coupling to the quantum dot, perhaps ellipsoidal wires would be a 
good compromise due to their ability to have both thin and thick dimensions. Furthermore it has been shown 
that the plasmon resonances along the main axis of an ellipsoidal particle are governed by the relative aspect 
ratio of the ellipsoid [6]. Such knowledge and developments lead us to consider how the varied aspects of 
ellipsoidal nanowires can be controlled so as to perfect, improve and develop technologies that rely or could 
rely on waveguide structures. In addition to these statements ellipsoidal nanowires may be able to provide 
enhanced localization of the plasmon due to these varied dimensions, which could be useful for quantum dot-
plasmon coupling applications [4,7]. 
By investigating how changing the aspect ratio, material and illumination wavelength affects plasmon coupling 
we are able to understand and interpolate the best characteristics for optimal performance. These 
investigations were done using COMSOL Multiphysics to find the fundamental plasmon mode supported by an 
ellipsoidal nanowire and then studying this mode for various geometrical parameters. The nanowires are 
considered to be surrounded by a dielectric of permittivity of 2.25 and the excitation wavelengths of 532nm 
and 633nm were studied. Both gold and silver nanowires have been considered. 
Using this method we examined the properties of the fundamental mode and how they were affected by 
aspect ratio, excitation wavelength and material. We began by examining the propagation length and 
wavenumber for a silver nanowire, whose permittivity for excitation wavelengths 532nm and 633nm are -
10.16 + 0.823i and -15.924 +1.074i [8] respectively. With the formula for propagation distance being  
   1Im2  L and the formula for wavenumber being 



2
  we can observe that a smaller 
wavelength, will result in a larger wavenumber and that the larger the wavelength will result in a larger 
propagation distance.  
Below in Figures 2a) and 2b) we can see that for smaller heights and incident wavelength for silver the 
wavenumber will be larger. In Figures 2c) and 2d) we see that for larger heights (dimension along y, Figure 1) 
and incident wavelength for silver there is an increase in the propagation distance. These results show that the 
above calculations can be proven through the numerical data obtained, i.e. the largest propagation distance is 
with the larger incident wavelength and that the largest wavenumber is with the smaller incident wavelength. 
This is expected because the wavenumber relates to the localisation of the plasmon and when the dimensions 
are small there will be greater localisation. Alternatively we also expect that nanowires with a greater aspect 
ratio will allow greater propagation distance due to less plasmon localisation.  
 
X
z 
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From the below data sets it is observed that the greatest wavenumber and hence localisation for silver occurs 
for an incident wavelength of 532nm as opposed to 633nm (Figure 2a). Alternatively it is also observed that 
the greatest propagation distance is for an incident wavelength of 633nm compared to 532nm (Figure 2c)  
  
 
 
 
 
Figure 2: Comparing the wavenumber and propagation distance for different aspect ratios and wavelengths of 
532nm and 633nm for silver. a) & b) show the wavenumber of the fundamental plasmon mode supported by 
an ellipsoid of heights 240nm and 700nm. c) & d) show the propagation length of the fundamental plasmon 
mode supported by an ellipsoid of heights 240nm and 700nm.   
If we now look at the same comparisons for gold we can determine the conditions for which wavenumber and 
propagation distance will be at their greatest. Figure 3 below shows the dependence of the wavenumber and 
propagation distance of the fundamental plasmon mode on ellipsoids of height 240nm and 700nm for a 
plasmon supported by a gold nanowire with incident wavelengths 532 nm and 633 nm, and the associated 
permittivity’s of gold was -5.576 + 2.248i and -9.518 + 1.129i respectively [8]. 
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Figure 3: Comparing the wavenumber and propagation distance for different aspect ratios and wavelengths of 
532nm and 633nm for gold. a) & b) show the wavenumber of the fundamental plasmon mode supported by an 
ellipsoid of heights 240nm and 700nm. c) & d) show the propagation length of the fundamental plasmon mode 
supported by an ellipsoid of heights 240nm and 700nm 
 
Similar to what we observed in Figure 2, we see that the propagation distance will increase with increased 
height and incident wavelength, having a maximum propagation distance on the order of microns. We can also 
see from Figure 3 that the wavenumber (and hence localisation) of the plasmon supported by an ellipsoidal 
nanowire will increase with decreased height and decreased incident wavelength, as seen in Figure 2. 
 
3. Analysis of Results 
Regardless of wavelength, it is observed from both metals, that as the height of the ellipse is increased, the 
wavenumber of the fundamental mode decreases, goes through a minimum, and then increases (Figure 2a, b) 
and 3a, b). This behaviour is expected at low heights as the plasmon mode is more localised, as the plasmon 
couples strongly across the small dimensions of the waveguide (Figure 4).  The reason for the minima and then 
the sudden increase in wavenumber as the height is further increased could be due to the change in the 
plasmon's mode profile (Figure 5).  
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The mode profile for the nanowire as seen in figure 5 shows that there are two surface plasmon modes on 
opposite ends of the wire while for small heights the plasmon modes are coupled.  Figures 4 and 5 are of 
particular interest in showing that although both aspect ratios give a very similar wavenumber (less than 1% 
difference), their mode profiles are significantly different. In mentioning this we note that effective localisation 
is occurring in figure 4 due to the plasmon being enhanced on both sides of the ellipse and having these sides 
touching. However we can note that there are two areas of high localisation occurring in figure 5 (due to the 
fact that the electric fields are not touching). We can also see that less of the wave’s energy is present in the 
metal of the larger ellipsoidal nanowire, which invokes that there will be weak dissipation and allow long range 
SPP modes [10].  
 
From this data it is observed that wavenumber (localisation) and propagation length are inversely proportional 
to each other, with the same conclusion found in [4]. To obtain the greatest possible propagation distance also 
implies that the wave number will not be at its highest. These results for wavenumber are much higher than 
other waveguide systems such as circular nanowires e.g. 15nm high wire of 30nm thickness has a larger 
wavenumber than a circular nanowire of diameter 30nm [4]. This bodes well for quantum dot – plasmon 
coupling applications, as the propagation lengths are sufficient for many active nanophotonics applications 
and the localisation should be high enough to have strong quantum dot-plasmon coupling. 
 
 
 
 
Figure 4: |E| for 240nm by 200nm Gold Ellipses 
with 633nm incident wavelength 
 
 
Figure 5: |E| for 240nm by 800nm Gold Ellipses 
with 633nm incident wavelength 
 
 
The next stage of this work will be to analyse the quantum dot-plasmon coupling for these wires and fabricate 
these wires using a combination of focused ion beam lithography and thermal evaporation. Fabrication of the 
ellipsoidal nanowires will be done using lithography. This will be done by first cleaning a glass slide, then 
covering this slide with polymethyl methacrylate (PMMA) using a spin-coater to the desired thickness 
according to the length of the nanowire. The next step will be to mill ellipses into the PMMA by use of a 
Focused Ion Beam (FIB), followed by a covering of gold/silver using a thermal evaporator and then using a lift-
off process to remove the PMMA for testing of the nanowires. 
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Summary 
In conclusion, it has been shown that there are many aspects to an ellipsoids shape and environment that 
affect its coupling and likelihood at reducing plasmon loss. The varied dimensions of ellipsoidal nanowires have 
only begun to be researched and could lead to further inquiries into the effects of how material type and the 
emitter affect localisation and plasmon loss. Research in this field will not only give us greater insight into how 
ellipsoidal nanowires vary from other nanowires, but also as to the full extent of their capabilities in current 
micro technologies. Wherein solutions to the development issues of overcoming the diffraction limit in the 
pursuit of smaller technologies can be addressed [9]. Which solutions are likely to be found through ellipsoidal 
nanowires due to predicted plasmon localisation properties [7,10] 
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